AC POWER LINE FILTER 



CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a Continuation-ln-Part (CIP) of co-pending U.S. 
5 Patent Application Serial Number 10/155,161, filed May 24, 2002, pending, the 
entire disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
10 The present invention generally relates to filtering circuits comprised of a 

parallel resonant circuit, and more particularly, to parallel resonant circuits that 
directly connect to AC power sources without any intervening elements, reducing 
all frequency distortions in alternative currents, including harmonic distortion. 

15 2. Description of Related Art 

In general, as illustrated in the prior art FIG. 1 A, parallel resonant circuits 6 
comprised of a capacitor 12 connected in parallel to an inductor 10 are always 
connected to a power source 2 through one or more electrical components 8. 
Each of the components 8A and 8B may for example comprise of one or more 

20 inductors to isolate a load 4 from a source 2, one or more resistors to dampen 
oscillations or dissipate power, or some other elements to perform other 
functions. The components 8 do not represent inherent or intrinsic characteristics 



KER1.002 



of any electrical component, but represent extrinsic, additional components such 
as actual resistors or inductors. The circuit topography comprised of the parallel 
resonant circuits 6 coupled with at least one or more other components 8 is 
purported to reduce harmonic distortions in an alternative current waveform, in 
5 addition to the functions described above, with the additional functions depending 
on the type(s) of element(s) 8 always connected to the parallel resonant circuit 6. 

When AC current flows through the inductance 10 a back electromotive 
force (emf) or voltage develops across it, opposing any change in the initial AC 
10 current. This opposition or impedance to change in current flow is measured in 
terms of inductive reactance. The inductive reactance is determined by the 
formula: 

Zl=(2ti/L) (1) 

Where 

15 /= Operating Frequency 

L = Inductance 

Z L = Reactive Impedance of the Inductor. 

When AC voltage develops across the capacitor 12, an opposing change 
20 in the initial voltage occurs, this opposition or impedance to a change in voltage 
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is measured in terms of capacitive reactance. The capacitive reactance is 
determined by the formula: 

Z c =1/(27tfC) (2) 

Where 

5 /= Operating Frequency 

C = Capacitance 

Zc= Reactive Impedance of the Capacitor. 

Resonance for circuit 6 occurs when the reactance Z L of the inductor 10 
10 balances the reactance Zc of the capacitor 12 at some given frequency / The 
resonance frequency is therefore determined by setting the two reactance equal 
to one another and solving for the frequency, /. 

(2k/L) = M(2nfQ (3) 

15 This leads to: 

f R E= V2tpIlC (4) 

Where 

/re- Resonant Frequency. 

20 In general, the parallel resonant circuits present very high impedance to 

those electrical signals that also operate at the same resonant frequency, fm- At 
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resonance, input signals with frequencies becoming far removed from the 
resonance frequency fm see ever-decreasing impedance presented by the 
parallel resonant circuit. For example, if parallel resonant circuit 6 illustrated in 
FIG. 1 A is tuned to resonate at the fundamental frequency of the power source 2, 
5 where fm = /fund, the input current signals from power source 2 that operate at 
frequencies equal Io/fund will be rejected by circuit 6 and will pass onto the load 
4. To these current signals, the parallel resonant circuit 6 is almost invisible 
because it behaves almost like an "open circuit" at /re = /fund- As the input 
current signals depart from the resonant frequency, up or down, the parallel 

10 circuit 6 presents a lessening impedance and progressively allows other signals 
(those not operating at /re) to leak to ground. For signals at frequencies far 
removed from resonance, the parallel resonant circuit 6 presents a short path to 
ground. Using these principles, parallel resonant circuits 6 may be tuned to the 
fundamental frequencies of the power source 2 to therefore filter out frequencies 

15 above or below the fundamental, providing low noise signals to load 4. The 
filtering action is mainly done by the capacitance portion of the parallel resonant 
circuit, with the inductance part "giving back" the capacitive current drawn by the 
capacitor. In general, one may look at the impedance presented by the parallel 
resonant circuit in terms of its capacitive impedance Zc of equation (2) above. 

20 Accordingly, for high frequencies the denominator of equation (2) having the 
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frequency value / will increase, making the total impedance of the parallel 
resonant circuit smaller. 

The amount of noise on signals passed on to load 4 depend mostly on 
5 how much of lessening impedance any path to ground presents for input signal 
with operating frequency above or below the desired operating frequency. In 
particular, the total impedance of any path to ground must be considered to 
determine the appropriate filtering effect for signals with undesirable frequencies, 
and not just that of the parallel resonant circuit. In the instance of FIG. 1 A, the 

10 total impedance includes that presented by the parallel resonant circuit 6 and 
those of any component 8 coupled thereto. Therefore, the total impedance of a 
path to ground for signals with undesirable operating frequency will not behave 
as a shorted path even if the parallel resonant circuit behaves ideally and 
presents a "short circuit" behavior. Components 8 will still maintain and present 

15 impedance commensurate with their rated values, regardless of any frequency 
variations. Accordingly, the true impedance of the circuit path to ground for the 
combination of the parallel resonant circuit 6 and the components 8 is given by: 

Ztotal = Zprc + Zq (5) 

20 Where 

Z 8 = Impedance of elements 8A or 8B. 

Zprc= Impedance of the Parallel Resonant Circuit 
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Ztotal = Total impedance. 

FIG. 1B graphically illustrates the consequence of the additional 
impedance Zq of component(s) 8. As shown, as the frequency / increases 
5 (moves away from the resonant frequency), the total impedance Ztotal illustrated 
by line 14 decreases, allowing short path for current signals with undesirable 
frequencies to ground, filtering these signals. However, even if the frequencies 
become very large where the Zprc of the Ztotal becomes almost zero, Ztotal 
itself will than equal to Za. Hence, for frequencies much higher than those 
10 desired, equation (5) will equal: 

Z TO tal=0 + Z 8 < 6 ) 

Ztotal can never present a short circuit path for signals with frequencies 
15 removed from the desired operating frequency due to impedance of one or both 
of the elements 8A and 8B. Hence, all the undesirable frequencies illustrated in 
region 16 of the graph will continue to be passed on to the load 4, regardless of 
how low of an impedance the parallel resonant circuit 6 presents to the signals 
that operate away from the resonant frequency. 

20 

As a specific example, patents 5,323,304 and 5,570,006, both to 
Woodworth, the entire disclosures of which are incorporated herein by reference, 
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teach in their respective Fig. 1 the use of parallel resonant circuit 20 coupled 
through an inductor 21 to a power source 12. In this instance, the inductor 21 
would constitute the elements 8A of the prior art FIG. 1A of the present invention. 
As taught in Woodworth, the series connected inductor 21 isolates the power 
5 source 12 from the load 16 such that harmonic currents that may be generated 
by the load 16 will minimally affect the power source 12. In addition, the inductor 
21 also serves to increase the effective impedance of the power source 12 as 
seen by the load 16, limiting the amount of power that can be drawn by the load. 
This increase in effective impedance (Z& of the inductor 21) degrades the filtering 
10 effect of the parallel resonant circuit, and as illustrated in prior art Figs. 2A, 
distorts the output current and voltage supplied to a load. 



Patent 3,237,089 to Dubin et al shows a similar circuit where inductor L s is 
connected in series with the parallel resonant circuit LC, comprised of an inductor 

15 L connected in parallel with a capacitor C. The circuit topography illustrated is a 
simplified equivalent circuit of a saturable-type constant voltage transformers, 
where inductor L s isolates the power source e* from a load. This circuit is 
illustrated only for as a way to show how a constant voltage transformer 
functions. Therefore, the reference 3,237,089 is only concerned with voltage 

20 level control, and not filtering action. 
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Many electronic devices (loads) today draw current only at the peaks of 
the sinusoidal AC power supply voltage. This cause the peaks of the AC supply 
waveform to become flattened out because of this non-linear loading of the 
power grid, reducing the amount of power supply required by loads. As 
5 illustrated in the prior art FIG. 2A, this is easily detected by measuring the 
amount of current l L 20 drawn by load 4 of FIG. 2B, and the sinusoidal voltage V L 
18 across the load 4. The current drawn by the load 4 at the peak of the 
sinusoidal voltage causes the voltage waveform 18 to be flattened at its 
sinusoidal peak. The more loads are connected to a power source, the flatter the 
1 0 waveform of the voltage across those loads. 



Adding components 8 (FIG. 1A) exasperate the above-described 
situation, worsening the flattening of the voltage waveform at the load. For 
example, the sudden draw of current 20 by load 4 at the peak of the voltage 18 

15 produces an opposing voltage across inductor 24 (due to the inductive 
reactance), lowering even further the peak of the voltage 18 available to the load 
4. Addition of components 8 distorts the voltage waveform 18 across the load 4, 
generating noise thereat. Noise is generated because load requirements for 
appropriate load current and voltage are not met. Hence, even low value 

20 inductors 24 in series with the power source 2 and the parallel resonant circuit 6 
cause much trouble. 
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As another specific example, the patent 5,343,381 to Bolduc et al, the 
entire disclosure of which is incorporated herein by reference, teach in their Fig. 
1 the use of a resistor element 8 connected in series with a parallel resonant 
circuit that is comprised of a capacitor 4 connected in parallel with an inductor 6 
5 to produce a dampening circuit 2. In this instance, the resistor 8 of Bolduc et al 
would constitute the elements 8B of the prior art FIG. 1A of the present invention. 
The dampening resistor 8 degrades correction of any possible output distortions 
illustrated in prior art FIG. 2A of the present invention. In addition, the LC filtering 
effect is also degraded due to the added impedance of resistor 8, as graphically 
10 illustrated in the prior art FIG. 1B of the present invention. In this instance, the 
impedance Z 8 illustrated in Fig. 1B equal the value of resistor 8. 

As described and illustrated, parallel resonant circuits have always been 
connected to a power source through some other component that degrades or 
15 negates the resonant circuit's performance in terms of output signal correction 
and filtering of signals that operate at undesired frequencies. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a simple and novel circuit topography for 
20 correcting output signal distortions and filtering signals operating at undesirable 
frequencies using a parallel resonant circuit that connects directly to a power 
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source with no intervening components between the source and the parallel 
resonant circuit. 

By removing intervening components from between the power source and 
5 the parallel resonant circuit, the impedance of those components is also 
removed. Accordingly, at resonance, input signals with frequencies becoming far 
removed from the resonance frequency will only see an ever decreasing 
impedance presented by the parallel resonant circuits with no other electrical 
components to present additional impedance that degrade or negate the 
10 performance of the parallel resonant circuit In addition, the circuit topography of 
the present invention improves the restoration of output signal distortions that are 
generally caused and exacerbated by the addition of electrical components. 

The direct connection of resonant circuit to a power source corrects 
15 voltage and current distortions in a power system operating at a system line 
frequency wherein the resonant circuit is directly connected in parallel with a 
source, with no intervening components. The resonant circuit includes at least 
one capacitor for drawing a capacitive current and at least one inductor for 
drawing an inductive current equal in amplitude and opposite in phase with the 
20 capacitive current. The at least one inductor is connected in parallel with the 
capacitor to form a parallel resonant circuit. The resulting parallel resonant circuit 
is tuned to resonate at the system line frequency such that the parallel resonant 
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reactance of the circuit is at its peak at the system line frequency and lower at 
frequencies above and below the system line frequency. As such, the parallel 
resonant circuit absorbs voltage perturbations in excess of the amplitude of the 
power system signal at all frequencies above or below the system line frequency 
5 and provides energy to restore notches in the amplitude of the power system 
signal at all frequencies above or below the system line frequency. 

The present invention is also directed to a method for correcting voltage 
and current distortions in a power system operating at a system line frequency 

10 comprising the steps of forming a parallel resonant circuit wherein the circuit 
comprises at least one capacitor for drawing a capacitive current and at least one 
inductor for drawing an inductive current equal in amplitude and one hundred 
eighty degrees out of phase with the capacitive current connected in parallel with 
the capacitor, wherein the parallel resonant circuit is tuned to resonate at the 

15 system line frequency. The method further comprises the step of connecting the 
parallel resonant circuit in parallel with a power source with no intervening 
components between the power source and the parallel resonant circuit. 

Accordingly, the addition of a device constructed according to the present 
20 invention greatly diminishes the effective power line impedance as seen by the 
load at frequencies above and below the system's power line frequency and 
thereby limits any local distortion at the load. The impedance at the output 
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terminals of the device is very low and may source current at frequencies both 
above and below that of the power line. The parallel impedance of the power line 
and the device(s) connected to it provide impedance far less than either 
impedance alone. This lower source impedance offers the load a stiffer power 
5 source that does not sag or drop out during high loading conditions due to load 
turn-on and turn-off impulses. 

These and other features, aspects, and advantages of the invention will be 
apparent to those skilled in the art from the following detailed description of 
10 preferred non-limiting embodiments, taken together with the drawings and the 
claims that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

It is to be understood that the drawings are to be used for the purposes of 
1 5 exemplary illustration only and not as a definition of the limits of the invention. 

Referring to the drawings in which like reference numbers present 
corresponding parts throughout: 

20 Fig. 1A is a prior art exemplary illustration of circuit topography used with 

a parallel resonant circuit; 
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Fig. 1B is a prior art exemplary graphical illustration of frequencies not 
filtered out by the circuit of Fig. 1 A; 

Fig. 2A is a prior art exemplary graphical illustration of a voltage across 
5 and the current through a load; 

Fig. 2B is a prior art schematic illustration of an exemplary circuit with a 
series connected inductor coupled to a resonant circuit; 

10 Fig. 3A is an exemplary graphical illustration of a voltage across and the 

current through a load in accordance with the present invention; 

Fig. 3B schematically illustrates an exemplary power system using a 
parallel resonant circuit directly connected to a power source in accordance with 
1 5 the present invention; 

Fig. 3C schematically illustrates an exemplary graphical illustration of 
impedance vs. frequency for the circuit of Fig. 3B in accordance with the present 
invention; 

20 
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Fig. 4A schematically illustrates an exemplary parallel resonant circuit 
directly connected to a power source in accordance with a second embodiment 
the present invention; 

5 Fig. 4B schematically illustrates the intrinsic or inherent characteristics of 

parallel-connected capacitors of Fig. 4A in accordance with the present invention; 

Fig. 4C schematically illustrates the intrinsic or inherent characteristics of 
parallel connected capacitors of Fig. 4A for frequencies far removed from the 
1 0 resonant frequency in accordance with the present invention; 

Fig. 4D is an exemplary graphical illustration of impedance vs. frequency 
for the circuit of Fig. 4A in accordance with the present invention; 

15 Fig. 5 schematically illustrates an exemplary parallel resonant circuit 

directly connected to a power source in accordance with a third embodiment of 
the present invention; 

Fig. 6 schematically illustrates an exemplary parallel resonant circuit and 
20 its connection within a power system as a stand-alone device in a filter box form 
factor configuration in accordance with the present invention; 
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Fig. 7 schematically illustrates an exemplary parallel resonant circuit 
connected directly to a power source some where along the circuit power line in 
accordance with the present invention; 

5 Fig. 8 schematically illustrates exemplary parallel resonant circuits 

connected in a three-phase delta configuration power system in accordance with 
the present invention; 

Fig. 9 schematically illustrates exemplary parallel resonant circuits 
10 connected in a three-phase wye configuration power system in accordance with 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 3A is an exemplary graphical illustration of a voltage 26 across a load 

15 4 and a current 28 through it for a circuit shown in Fig. 3B in accordance with the 
present invention. The illustrated circuit that is schematically shown in Fig. 3B is 
a power system comprised of a power source 2 coupled directly to a parallel 
resonant circuit 27 with no intervening components. The parallel resonant circuit 
27 is comprised of an inductor 25 connected in parallel to a capacitor 29, with the 

20 resulting circuit 27 connected in parallel to a load 4. The power source 2 
provides a sinusoidal power signal to the load 4. 
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The reactive impedance of the inductor 25 and the capacitor 29 of parallel 
resonant circuit 27 are set substantially equal in value, but opposite in sign. 
Accordingly, they are tuned to resonate at a frequency. Although the parallel 
resonant circuit 27 may be tuned to operate at any resonant frequency value 
5 (depending on the size of the components), the preferred embodiment is to tune 
the circuit 27 to operate at a resonant frequency that matches the operating 
fundamental frequency of the power source 2 to filter out frequencies above or 
below the fundamental, providing low noise signals to load 4. 



10 For the schematic circuit illustrated in FIG. 3B, the total impedance of the 

path to ground for input signals operating far removed from the fundamental 
includes only that presented by the parallel resonant circuit 27. Therefore, the 
total impedance of a path to ground for signals with undesirable operating 
frequency will behave as a shorted path when the parallel resonant circuit 27 

15 behaves ideally and presents a "short circuit" behavior. Unlike the prior art, the 
circuit topography of the present invention has no components that will continue 
to maintain and present impedance commensurate with their rated values, even 
when a short path is presented by the parallel resonant circuit. Accordingly, the 
true impedance of the circuit path to ground for Fig. 3B is given by: 

20 

Ztotal = Zprc ( ) 

Where 



16 
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Zprc= Impedance of the Parallel Resonant Circuit 
Ztotal = Total impedance. 

FIG. 3C graphically illustrates the impedance versus frequency for the 
5 circuit topography schematically illustrated in Fig. 3B, with no intervening 
components coupled between the parallel resonant circuit 27 and the power 
source 2. As shown, as the frequency increases (moves away from the resonant 
frequency), the total impedance Ztotal (for the path to ground for these signals) 
illustrated by line 30 decreases to thereby allow a short path to ground for current 

10 signals with undesirable frequencies, filtering out these signals. For large 
frequencies, the Ztotal will approximately equal zero, as is illustrated in the 
region 31 of the graph. The main reason for this region 31 is due to the intrinsic 
or inherent impedance values of the parallel resonant circuit 27. No matter how 
low of an impedance presented by this circuit, the circuit is still comprised of 

15 electrical components (inductor 25 and capacitor 29) that like all others have an 
inherent or intrinsic impedance values. Hence, for frequencies much higher than 
those desired the impedance presented by the parallel resonant circuit would be 
approximately zero, with Ztotal * 0. Accordingly, most of the undesirable 
frequencies are filtered with the exception of those with very high frequencies 

20 illustrated in region 31 . 
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Referring back to Fig. 3A, by not coupling any intervening components 
between the power source 2 and the parallel resonant circuit 27, the sinusoidal 
supply of voltage 26 to the load 4 improves compared to the prior art Fig. 2A of 
the present invention. The current 28 drawn by the load 4 at the voltage peak 26 
5 is no longer distorted, and the peak of the voltage 26 is more pronounced. Given 
that there are no intervening components, the resonant circuit 27 can now deliver 
enough power at the peak of voltage 26 (where the load 4 draws most of the 
current 28) to compensate and restore for any signal distortions. The resonant 
circuit 27 operating at the fundamental frequency of the power source 2, through 
10 inductor 25 supplies current back into the system to restore any possible 
distortions of the supply voltage wave form 26 during current draw by the load 4. 
This timing is possible because the resonance of circuit 27 is tuned to resonate 
at a frequency equal to the fundamental frequency of the power source 2. 



15 As illustrated, the current 28 drawn at the peak of voltage 26 has a 

narrower horizontal base width with respect to time T, making it vertically more 
pronounced compared to the prior art Fig. 2A of the present invention. In 
addition, this narrowing of the current 28 at its base translates into correction of 
the voltage waveform 26, making the voltage 26 more pronounced at the peak. 

20 This supply of correct voltage 26 and current 28 to the load 4 is possible because 
the circuit 27 now freely supplies these signals without any hindrance or 
impedance caused by any intervening element, as was the case for the prior art. 



KER1.002 



Fig. 4A schematically illustrates an exemplary parallel resonant circuit 32 
directly connected in parallel to a power source 2 with no intervening elements in 
accordance with a second embodiment of the present invention. The parallel 
5 resonant circuit 32 is comprised of three parallel-connected capacitors 36, 38, 
and 40 connected in parallel with a single inductor 34. The capacitive values of 
each capacitor 36, 38, and 40 may be set to be equal or scaled down in size from 
the highest to the lowest. The reactive impedance of the inductor 34 and the 
combined reactive impedance of the three capacitors 36, 38, and 40 of parallel 

10 resonant circuit 32 are set substantially equal in value, but opposite in sign. 
Accordingly, the components 34, 36, 38, and 40 are tuned to resonate at a 
frequency. Although the parallel resonant circuit 32 may be tuned to operate at 
any resonant frequency value (depending on the size of the components), the 
preferred embodiment is to tune the circuit 32 to operate at a resonant frequency 

15 that matches the operating fundamental frequency of the power source 2 to filter 
out frequencies above or below the fundamental, providing low noise signals to 
load 4. 

Similar to the exemplary circuit shown in Fig. 3B, for the schematically 
20 illustrated circuit shown in FIG. 4A the total impedance of the path to ground for 
input signals operating far removed from the fundamental includes only that 
presented by the parallel resonant circuit 32. Therefore, the total impedance of a 
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path to ground for signals with undesirable operating frequency will behave as a 
shorted path when the parallel resonant circuit 32 behaves ideally and presents a 
"short circuit" behavior. Accordingly, the impedance of the circuit path to ground 
for Fig. 4A is also given by: 

5 

Ztotal = Zprc ^ J 

Where 

Zp R c = Impedance of the Parallel Resonant Circuit 
Ztotal = Total impedance. 

10 

The parallel method of coupling capacitors further contributes to 
attenuation of undesired signals with even higher frequency levels because the 
parallel combination of these capacitors lowers their overall intrinsic or inherent 
DC resistance Rct- Fig. 4B illustrates the non-idealized view of capacitors 36, 

15 38, and 40 with their respective inherent impedance comprised of resistor R C 36 
and inductor Lc36, resistor Rc38 and inductor L C 38, and resistor Rc4o and inductor 
L C 4o- As discussed above, at resonance, input signals with frequencies 
becoming far removed from the resonance frequency of the parallel resonant 
circuit 32 (which operates at the fundamental of the power source 2) see an ever 

20 decreasing impedance presented by the circuit 32. In other words, as illustrated 
in Fig. 4C, the capacitors 36, 38, and 40 behave like a short circuit with the 
exception of their intrinsic or inherent impedance. This effectively causes the 
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20 



inherent impedance of these capacitors to form a parallel connection. However, 
connecting any resistances (or impedance) in parallel reduces the total 
resistance of a circuit. As an example, simple application of Ohms law using 
Kirckoffs Voltage or Current Laws (KVL / KCL) on a circuit topography with two 
parallel connected resistors (impedance) will show that for any two impedance 
with resistances Ri and R 2> their parallel combination will have a total resistance 
value Rt that is always less than the smallest branch resistance, Ri or R2. 



RixR 2 (9) 
Rt = < smaller of Ri or R 2 



10 R1 + R2 

Or in general, 



11111 

_ = + + + 00) 

Rt Ri R2 R3 Rn 



15 Therefore, the three combined parallel capacitors will have lower intrinsic 

or inherent impedance than a single capacitor, contributing to lower total inherent 
impedance Ztotal. Application of this concept to the circuit topography of Fig. 4C 
will therefore result in attenuation of even higher frequencies that are further 
removed from the fundamental due to these lower inherent impedance values. 



FIG. 4D graphically illustrates the impedance versus frequency for the 
circuit topography schematically illustrated in Fig. 4A, with no intervening 
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components between the parallel resonant circuit 32 and the power source 2. As 
shown, as the frequency increases (moves away from the resonant frequency), 
the total impedance Ztotal (for the path to ground for these signals) illustrated by 
line 42 decreases to thereby allow a short path to ground for current signals with 
5 undesirable frequencies, filtering out these signals. For larger frequencies of 
interest, the Ztotal will equal zero. The main reason for the difference between 
this graph and the existence of region 31 illustrated in the graph of Fig. 3C is the 
intrinsic or inherent impedance values of the parallel resonant circuit. The 
parallel combination of the capacitors 36, 38, and 40 reduced their inherent or 
10 intrinsic impedance values. Hence, even for frequencies much higher than those 
desired, the impedance presented will be negligible, and parallel resonant circuit 
32 will have zero impedance for most purposes such that Ztotal = 0. Ztotal will 
therefore present a short circuit path for signals with frequencies far removed 
from the desired operating frequency. 

15 

Fig. 5 is a third embodiment of the power system schematically illustrating 
an exemplary parallel resonant circuit 50 directly connected to a power source 2 
in accordance with the present invention. The purpose of this circuit is to show 
that any number of capacitors and inductors may be coupled in parallel to form a 
20 resonant circuit. The combined reactive impedance of the inductors and the 
combined reactive impedance of the capacitors of parallel resonant circuit 50 are 
set substantially equal in value, but opposite in sign. Accordingly, the 
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components are tuned to resonate at a frequency. Although the parallel resonant 
circuit 50 may be tuned to operate at any resonant frequency value (depending 
on the size of the components), the preferred embodiment is to tune the circuit 
50 to operate at a resonant frequency that matches the operating fundamental 
5 frequency of the power source 2 to filter out frequencies above or below the 
fundamental, providing low noise signals to load 4. 

Fig. 6 illustrates the parallel resonant circuit 50 and its connection within a 
power system as a stand-alone device in accordance with the present invention. 
10 As illustrated, the parallel resonant circuit 50 may be placed in a filter box 52, 
directly coupled in parallel to a power source 2 and a load 4. Fig. 7 illustrates a 
schematic drawing of the parallel resonant circuit 50 connected directly to a 
power source 2 some where along the circuit power line. Elements 54, 56, and 
58 are loads that connect to the same power line. 

15 

The physical distance between the parallel resonant circuit 50 (within a 
box as stand-alone or otherwise) and the load 4 or the power source 2 affects the 
overall performance of the parallel resonant circuit. Accordingly, depending on 
how far away the parallel resonant circuit 50 is from the load 4 or the power 
20 source 2, the level of frequencies that circuit 50 is able to attenuate diminish as 
this distance increases. One reason for this is because the longer the cable or 
power line connecting the parallel resonant circuit 50 with the load 4 or the power 



KER1.002 



source 2, the higher the cable or power line intrinsic or inherent inductive 
impedance. The cable or the power line present an inductive characteristic, and 
behave similar to prior art inductors that were actually coupled to power lines or 
cables in series with the power source or the loads. Therefore, depending on the 
5 level of frequency desired to be filtered, the physical length of the cable or power 
line connecting the resonant circuit 50 with the power source 2 or the loads 
should be taken into consideration and adjusted accordingly. 

Fig. 8 is schematic illustration of the parallel resonant circuits 50 
10 connected in a three-phase delta configuration power system in accordance with 
the present invention. Three identical parallel resonant circuits 50, each 
comprising one or more inductors and one or more capacitors connected in 
parallel are constructed. The parallel resonant circuits 50 are connected between 
conductor 1, 3, and 5, and in parallel with the source with no intervening 
15 components. 

Fig. 9 is schematic illustration of parallel resonant circuits 50 connected in 
a three-phase wye configuration power system in accordance with the present 
invention. Three identical parallel resonant circuits 50, each comprising one or 
20 more inductors and one or more capacitors connected in parallel are constructed. 
The parallel resonant circuits 50 are connected within power line conductors 7, 9, 
and 1 1 , and in parallel with the power source with no intervening components. 
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While illustrative embodiments of the invention have been described, 
numerous variations and alternative embodiments will occur to those skilled in 
the art. For example, the overall power system and the sensitivity of the load to 
5 frequency and signal distortion will dictate the number, type, and size of the 
capacitors and inductors used for design and engineering of a parallel resonant 
circuit. Such variations and alternate embodiments are contemplated, and can be 
made without departing from the spirit and the scope of the invention. 
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